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METHOD OF PROCESSING OATS TO
ACHIEVE OATS WITH AN INCREASED
AVENANTHRAMIDE CONTENT

REFERENCE TO RELATED APPLICATIONS

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 12/264,399 filed Nov. 4, 2008, the

contents of which 1s expressly incorporated herein by ret-
erence 1n 1ts entirety.

FIELD OF THE INVENTION

The present invention relates generally to whole oat flour
having soluble components (hereinafter “soluble oat tlour™).
More specifically, the present invention relates to methods of
making soluble oat tlour with an increased avenanthramide

content.

BACKGROUND OF THE INVENTION

Oatmeal has for many years been a staple of the human
diet due to 1ts health benefits. For example, numerous
studies have shown that eating oatmeal on a daily basis can
help lower blood cholesterol, reduce risk of heart disease,
promote healthy blood flows as well as maintain healthy
blood pressure levels. Additionally, oatmeal has a high
content ol complex carbohydrates and fibers, which facili-
tates slow digestion and stable blood-glucose levels.

Avenanthramides are antioxidants uniquely found 1n oats.
Since their first 1solation in the 1980°s, more than 30
congeners have been characterized and the most abundant
avenanthramides 1n oats are 2p, 21 and 2c. These polyphe-
nols demonstrate potent antioxidant, anti-inflammatory and
anti-atherosclerotic properties, and may be beneficial to
people with chronic inflammatory diseases, allergy and
cardiovascular disease. Beyond the food industry, avenan-
thramides’ benefits have also been well documented. Tra-
nilast, an analogue of avenanthramides, has been approved
for treating inflammation-related disease and the skin care
product Aveeno™ 1is based on the proven benefits of avenan-
thramides.

In order to achieve beneficial eflects on human health,
avenanthramides must be ingested 1n a suflicient amount. In
a 1999 Tufts University study, avenanthramides were con-
firmed to be bioavailable and remain bioactive 1n humans
alter ingestion. After 60 or 120 mg consumption, the maxi-
mum concentrations of total plasma avenanthramide were
168 and 560 nM, respectively. A more recent study per-
formed by the University of Minnesota showed that con-
sumption of avenanthramides at doses as low as 0.4 or 9.2
mg/day for 8 weeks increased plasma total antioxidant
activity and had dose-response eflects on several antioxidant
and anti-inflammatory parameters. These ellects are prob-
ably due to the accumulation and high concentration of
avenanthramides 1n different tissues and organs.

Avenanthramide content in oat grains varies based on
cultivars and food processing methods. For example, heat
treatment generally reduces avenanthramide 21, 2¢, and
more profoundly 2p. The processing methods that increase
avenanthramide content are of great importance to help
people reach health benefits through regular consumption of
oat products.

Nuclear factor-kappa B (NF-kB) 1s a family of eukaryotic
nuclear transcription factors that regulate the transcription of
DNA and are involved in the activation of genes related to
inflammatory and immune responses. The regulation of the
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inflammatory response by NF-kB occurs via the enhance-
ment of the expression of genes encoding prointlammatory
cytokines, such as tumor necrosis factor (TINF)-a, interleu-
kin (IL)-6, and interleukin (IL)-1(3. Activation of NF-kB
leads to inflammation that 1n turn 1s mvolved 1n the patho-
genesis of many diseases, such as asthma, rheumatoid
arthritis, and nflammatory bowel disease and 1s at least
partially responsible for diseases such as atherosclerosis and
Alzheimer’s disease. Suppression of NF-kB, a regulator of
the 1mmune response to infection, 1s key 1n limiting the
proliferation of cancer cells and reducing the level of intflam-
mation. Studies have shown that avenanthramides inhibit
NF-kB activation.

With today’s hectic lifestyle, consumers are demanding
convenience, such as portability and ease of preparation.
Consumers desire oatmeal from a variety of food sources
including beverages, and convenience foods such as bars,
cookies, crackers, smoothies, and the like.

It 1s desired to prepare a whole oat product that has
suilicient soluble fiber to meet the FDA threshold necessary
to justily a health claim. For example, a whole oat product
must have 0.75 g soluble beta-glucan fiber per serving of
food. To prepare an oat beverage that contains at least 0.75
g soluble oat fiber per serving (about 18 g of whole grain
oats), highly soluble oat flour must be used. Traditionally,

highly soluble flour 1s prepared using enzymes such as
a-amylase. "

The enzyme-treated oat flour 1s then drum or
spray dried. This method takes place 1n at least two steps and
1s traditionally expensive and produces the soluble oat flour
in low rates. For example, a slurry batch 1s prepared of flour
(oat) and water (70-90% moisture content). Enzyme(s) are
then added to the slurry and held at optimum enzyme
reaction conditions followed by enzyme deactivation pro-
cess. The slurry 1s then transferred into either a spray or
drum drier.

A need exists in the field for oat flour that 1s highly
dispersible 1n liquid or semisolid media, maintains 1ts stan-
dard of identity as whole grain and 1s rich 1n antioxidants.

BRIEF SUMMARY OF THE INVENTION

Aspects of the invention relate to soluble oat flour having
an increased avenanthramide content. The soluble oat flour
product 1s whole oat flour and thus has characteristics of
whole grain oats.

Aspects of the present invention relate to the use of the
soluble oat flour 1n various beverages and food products 1n
order to provide enhanced health benefits.

These and other aspects, along with advantages and
features of the present mvention herein disclosed, will
become apparent through reference to the following descrip-
tion and the accompanying drawings. Furthermore, it 1s to be
understood that the features of the various embodiments
described herein are not mutually exclusive and can exist 1n
various combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A compares the avenanthramide levels (2C, 2P, 2F
and the total level of these avenanthramides) found 1n whole

oat tlour made using the methods described herein (*Solu-
Oats™).

FIG. 1B compares the avenanthramide levels (2C, 2P, 2F
and the total level of these avenanthramides) found 1n whole
oat tlour made using the methods described herein (*Solu-

Oats™).
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FIG. 2 compares the amount of avenanthramide 1dentified
in the oat tlour as a result of the various processing condi-
tions set forth in the table 1n paragraph [0064].

FIG. 3 depicts the percent change 1n NF-kB inhibition
activity among whole oat flour, the methods described
hereimn (“SoluQOats™), and a blank.

FIG. 4 depicts a proximate composition of unprocessed

and processed whole oat flour.

FIG. § depicts the percent of moisture, starch, protein, fat,
B-glucan and TDF included in SoluOats, SoluOat 100,
SoluOat, mircomilled and SoluOat 100 micromilled.

FIG. 6 depicts the viscosity of oat flour made 1n accor-
dance with various aspects of the present disclosure com-
pared to non-hydrolyzed whole oat flour or whole oat tlour
that 1s micro milled.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The present mvention relates to soluble oat flour having
an increased level of avenanthramides over soluble oat tlour
prepared in accordance with prior known methods. The
soluble oat flour 1s prepared using an extruder or other
suitable continuous cooker. The process is easier, less expen-
sive, and less time-consuming than prior art processes.

The soluble whole oat flour made 1n accordance with the
methods described herein maintains its standard of identity
as whole grain throughout processing. “Whole grain” or
“standard of i1dentity as whole grain” shall mean that the
cereal grain, i this instance, oat, “consists of the intact,
ground cracked or flaked caryopsis, whole principal ana-
tomical components—the starchy endosperm, germ and
bran—are present in the same relative proportions as they
exist 1n the mtact caryopsis—should be considered a whole
grain food.” As shown in FIG. 4, the processed oat flour
made 1n accordance with the instant disclosure maintains the
same levels of starch, protein, fat, TDF, 3 glucan, sugar and
maltose contain the same levels of the unprocessed oat flour.

The term “soluble oat flour” or “soluble whole grain oat
flour” refers to flour that maintains soluble components such
as beta-glucan but also 1s highly dispersible 1n liquids such
as water. The dispersibility of the flour was measured 1n
water observing formation of a lump and size of the lumps
on the top and bottom of the water after stirring for five (5)
seconds. “Highly dispersible” therefore means that there are
no lumps present or formed after stirring the mixture for
about 5 seconds. As the skilled artisan would recogmze,
stirring may also be substituted with shaking or some other
specific movement to incorporate and mix the flour into the
liquad.

Initially, enzyme-treated oat flour 1s prepared by combin-
ing a whole oat flour starting mixture and a suitable enzyme
solution 1n a mixer (sometimes called a pre-conditioner) and
then heating the mixture. The enzyme-treated mixture 1s
then subjected to an extrusion process to hydrolyze, gelati-
nize, and cook the oat flour mixture.

A suitable starting mixture 1s prepared by combining the
whole oat flour with other desired mngredients. For example,
a typical starting mixture contains whole oat flour and
granulated sugar. Maltodextrin and/or at least one antioxi-
dant may also be added.

The whole oat tlour 1s present 1n an amount of about 50%
to about 100% by weight of the total weight of the starting
composition. In further aspects, the whole oat flour is
present 1n amounts ol about 80% to about 95% by weight or
about 90% to about 95% by weight.

The sugar can be any suitable sugar known to those
skilled 1n the art. Non-limiting examples of sugars include
sucrose, fructose, dextrose, other sugars known 1n the art,

and combinations thereof. Typically, the sugar 1s present 1n
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an amount of about 1% to about 15% by weight or about 3%
to about 15% by weight of the total weight of the starting
composition. In further aspects, the sugar 1s present 1n
amounts of about 3% to about 7% by weight.

The maltodextrin may be present 1n an amount of about
0% to about 15% by weight of the total weight of the starting
composition. In further aspects, the maltodextrin 1s present
in amounts of about 3% to about 7% by weight.

The antioxidant may be any suitable antioxidant such as
mixed natural tocopherols or artificial antioxidant such as
BHT and BHA. The antioxidant 1s present in an amount
from 0.1% to 2% by weight. In further aspects, the antioxi-
dant 1s present 1n amounts of about 0.25% to about 0.75% by
weilght.

A suitable flour mix formula for extrusion process.

Ingredient %

Whole oat flour 89.35
Sugar 5.00
Maltodextrin 5.00
Mixed tocopherols 0.50
a-amylase 0.15
Total 100.00

The enzyme may be any suitable enzyme to hydrolyze the
starch 1n the oat flour and does not change or adversely aflect
the beta-glucan that 1s present in the oat tlour. Suitable
enzymes include a-amylase in the range of about 0.01-0.5%,
for example about 0.1-0.2%. In one aspect of the present

disclosure, the a-amylase used may be Validase 1000 L
having approximately 1,000,000 MWU/g (MWU—Modi-

fied Wohlgemuth Unit). Whether the beta-glucan has

changed by the hydrolysis can be determined by any suitable
method such as by analyzing the structure of the beta-
glucan. This can be done by laser light scattering mass
spectroscopy. The enzyme 1s added to water to form an
enzyme water solution. Then the enzyme-water solution 1s
combined with the starting mixture in the pre-conditioner.

The starting mixture and enzyme solution 1s heated to
between about 120° F. and about 200° F., in particular to
between about 140° F. and about 180° F., e.g. 165° F. for
about 3 to 5 minutes to mitiate gelatinization of starch. The
enzyme then reacts on gelatinized starched to break down
some of the high molecular weight amylopectin starch
fractions (having an average molecular weight of 5.8-6.2x
10° Dalton) into low molecular weight amylopectin starch
fractions (having an average molecular weight of 1.7-2.0x
10° Dalton).

The starting mixture and enzyme solution may be mixed
in any suitable vessel such as a high speed mixer that permaits
liguid to be added to free-flowing flour. The output 1s a
free-tflowing wetted flour mixture having a moisture content
ol about 25 to about 40%. The residence time 1s the time
suilicient to obtain the desired result and typically 1 to 5 min.
The enzyme-treated mixture 1s subsequently added to an
extruder (continuous cooker) to hydrolyze, gelatinize, and
cook the starch. The mixture resides in the extruder for a
time suflicient to gelatinize and cook the starch, but not long
enough to dextrinize or otherwise modily the starch to void
the whole grain aspect, generally at least 1 minute, typically,
about 1 to about 1.5 minutes. Generally, the material 1s
heated from an mitial inlet temperature to a final exat
temperature in order to provide the energy for starch gela-
tinization.
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Starch gelatinization requires water and heat. The gelati-
nization temperature range for oats 1s 127° F. to 138° F.

(53-59° C.). If the moisture 1s less than about 60% then

higher temperatures are required.

Heat may be applied through the extruder barrel wall such
as with a jacket around the barrel through which a hot
medium like steam, water or oil 1s circulated, or electric

heaters 1mbedded in the barrel. Typically the extrusion
occurs at barrel temperatures between 140° F. and 3350° F.,

for example between 1735° F. and 340° F., more specifically
about 180° F.-300° F.

Heat 1s also generated within the material by friction as it
moves within the extruder by the dissipation of mechanical
energy 1n the extruder, which 1s equal to the product of the
viscosity and the shear rate square for a Newtonian fluid.
Shear 1s controlled by the design of the extruder screw(s)
and the screw speed. Viscosity 1s a function of starch
structure, temperature, moisture content, fat content and
shear. The temperature of the dough increases 1n the extruder
to approximately 212° F. and 300° F.

Low shear 1s applied to the mixture in the extruder. As the
enzyme has preconditioned the starch, high shear 1s not
required for this process. High shear can dextrinize the
starch reducing 1ts molecular weight too much. It can also
increase the dough temperature excessively, which can over-
cook 1t resulting 1n too much cooked grain flavor. It 1s noted
that the barrel temperature and the dough temperature may
be different.

The process balances limiting the dough temperature to
avoid too much cooked grain flavor and to keep the enzyme
active. The process 1s balanced such that the dough tem-
perature rises to a suflicient temperature to deactivate the
enzyme. Such temperatures are at least 280° F., generally
212° F. to 300° F. A low shear extrusion process 1s charac-
terized relative to high shear extrusion by high moisture and
a low shear screw design versus low moisture and a high
shear screw design.

Any suitable extruder may be used including suitable
single screw or twin screw extruders. Typical, but not
limiting, screw speeds are 200-350 rpm.

The resulting product may be pelletized using a forming
extruder and dried, typically to about 1.5 to about 10%, for
example 6.5 to 8.5%, moisture content. The pellets may be
granulated to a max 5% though a US 40 screen. The particle
size of the resulting granulated product 1s about 10-500
microns, for instance, about 1-450 microns, more particu-
larly about 30-420 microns.

Jet milling may be used to mill the pellets produced in
accordance with aspects of the present disclosure. Jet mill-
ing creates ultrafine particles. In particular, jet milling
reduces the particle size of the pelletized soluble oat flour to
less than about 90 micron, for example, less than about 50
microns, such as about 46 microns. As one of ordinary skaill
in the art would recognize, alternative milling processes can
be used to reduce the particle size or micronize the flour to,
0.5-50 microns, such as between 10 to S0 microns.

The resulting soluble oat flour includes beta glucan
soluble fiber, such as beta-1,3-glucan, beta-1,6-glucan, or
beta-1,4-glucan or mixtures thereof. In addition to beta
glucan naturally present 1n the oats, beta glucan may also be
added as approved by the FDA. In certain embodiments, the
oat flour preferably contains at least about 3% to 5% or
about 3.7% to 4% beta glucan. In certain embodiments, the
oat flour containing liquid product contains 0.1% to about
1.5% beta glucan, or about 0.8% to 1.3% beta glucan. Other
amounts of beta glucan are also usetul.

Water absorption and water solubility index of the soluble
oat flour were determined according to Anderson et al.
(Anderson et al., A. J. 1970. Gelatinization of corn grits by

roll cooking, extrusion cooking and steaming. Staerke
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22:130-133). The sample has relatively high water absorp-
tion and water solubility index. The water solubility and
water absorption mdex are significantly higher than 100%
oat flour. This 1s due to starch gelatimzation and enzyme
cllects during the manufacturing process of soluble oat tlour.

When starch gelatinizes, the starch granules disperse and
become more accessible for water. In addition a-amylase
cleaves starch molecules and reduces the size of starch
molecules, which makes the flour more soluble. The com-
bination of gelatimzation and enzyme eflect leads to
increased water absorption and solubility of SoluQOats. As
used herein “SoluQOat,” “SoluQat flour,” “SoluOat 90 or
“regular SoluQOat,” whether singular or plural, shall mean
90% whole oat flour 5% sugar, 4.5% maltodextrin and 0.5%
mixed tocopherol made 1n accordance with the methods set
forth 1n the present disclosure.

Sample WAI (g)* WSI (%)**
SoluQats 1 4.57 19.73
SoluQats 2 4.67 20.00
Raw QOat flour 2.32 4.40

*Water absorption index (WAI) 1s the weight of gel obtained per gram of sample.
*FWater solubility index (WSI) percentage of soluble dry solid in the sample.

Native oat tlour and SoluQOat tlour were added to water at
2%, 4% and 8% whole grain levels and flours were dispersed
at different conditions described in the table below. Viscosity
of the solution was measured using a Brookfield viscometer
with specified spindle. All viscosity measurements in the
table below are 1dentified 1n cP.

Native Oat Flour Solu Oats

Treatment 2% 4% 8%%0 2.22% 4.44% RB.89%
Disperse 1n water at 4 4 4 4 4 20
4° C.—Spindle# 2 4 4 6 4 2 18
Disperse 1n water at 2 2 4 4 4 28
20-25° C.— 4 4 4 2 4 28
Spindle# 2

Disperse 1n boiling 2 2 26 4 4 75
water—Spindle# 2 2 4 29 2 8 75
Disperse at room 0 1150 17850 0 0 e
temperature, boil for 0 1150 15200 0 0 600

5 minutes, cool to
4° C.—Spindle#6

The viscosities of solutions containing SoluQOat at 4% and
8% were significantly reduced when compared with that of
native oat flour for samples boiled for 5 min.

The granulated product may be used 1n beverages such as
ready-to-drink beverages, fruit juices, dairy beverages, and
carbonated soit drinks, and various food products such as
bars, cereals, puddings, smoothies, floured beverages, cook-
1es, crackers, and the like. The soluble oat flour can be also
be used to make soit food products such as i1ce cream and
soit yogurt. This list 1s not all-inclusive and one skilled 1n the
art would recognize that the soluble oat flour may be added
to other beverages and food products 1n accordance with the
invention.

A beverage, for example, contains from about 1% to about

25% soluble oat flour and from about 70% to about 95%
total water, typically about 75% to about 90% total water,
based on weight of the total drinkable beverage. The balance
can contain sweeteners, flavors, fruits and other materials as
desired.

The water should be suitable for use in food. The total
water may be provided 1n part or 1n whole from other parts
of the drinkable food, especially it milk, juices, or other
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water containing components are used. For instance, the
milk may be dairy (e.g. whole, 2%, 1%, or non-fat) or
non-dairy (e.g. soy). The milk may also be produced from
powdered milk and water.

The beverage may also include a fruit component. The
fruit component can include fruit juice, yogurt containing
fruit, fruit puree; fresh fruit, fruit preserves, fruit sorbet, truit
sherbet, dried fruit powder, and combinations thereof. Typi-
cally, the fruit component has particles sutliciently small that
the component may be sately swallowed without chewing.
The fruit component and/or an added acidulant can be
adjusted to obtain a desired pH, for example a pH of less
than about 4.6.

Food products may include cereals and ready-to-eat snack
bars. A suitable amount of the granulated product 1s added
to the food mixture.

Additional ingredients may be added to the beverage and
tood products. Such ingredients can include non-grain-based
ingredients. For example, flavoring agents, coloring agents,
sweeteners, salt, as well as vitamins and minerals can be
included. In one embodiment of the imvention, flavoring
agents such as strawberry, chocolate or cinnamon flavor 1s
added to enmhance the taste of the product. Other fruit
flavoring agents may also be useful to provide different
tastes to the food product, for example, strawberry, mango,
banana and mixtures thereof. Spices, in particular, cinna-
mon, can be used. In addition, any desired flavor or flavors
can be used. Suitable sweeteners—artificial or natural can be
added 1n the food product to provide a desired sweetness.
For example, brown sugar, maple sugar or fruit sugar can be
used. The non-grain based food component can be added in
the range of about 10 to 75 wt % of the total weight of the
product.

Other optional ingredients may include, but are not lim-
ited to, salt, hydrocolloids, polysaccharides, thickeners, cat-
feine, dairy, coflee solids, tea solids, herbs, nutraceutical
compounds, electrolytes, vitamins, minerals, amino acids,
preservatives, alcohol, colorants, emulsifiers, and oils as
known 1n the art.

A cracker formula 1s typically made from whole wheat
tflour or wheat gluten. Instead the formula would be replaced
with this soluble oat flour to improve nutritional benefits
(heart health) as well as provide adequate strength to the
dough be sheeted and cut into crackers. The formula would
include:

Ingredient %

Modified corn starch 10.00
Oat flour, Hydrolyzed 48.00
Oat flakes, old fashioned 17.00
Brown sugar, free-flowing 12.00
Malt powder, Briess #10001 4.00
Lecithin, powdered, Centrolex F 2.00
Sodium aluminum phosphate 0.80
Sodium bicarbonate 0.70
Salt, flour 0.60
Corn Oil, with TBHQ, ADM 5.00
Total 100.00

A formula for oat 1ce cream would include, for example,

Ingredient %

2% Milk
Oat flour, hydrolyzed

87.0
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-continued
Ingredient %
Sugar 5.4
Cocoa powder 0.8
Flavor 0.2
Modified starch 0.1
Total 100.0

The oat flour made 1n accordance with the processes
described herein contains an increased avenanthramide level
compared to unprocessed oats or native oat flour. In par-
ticular, native oat flour contains about 0.0002-0.03% total
avenanthramides. Avenanthramides are polyphenols found
only 1 oats. Avenanthramides have been shown to have
significant antioxidant activity and have been linked to many
beneficial health activities due to their potent antioxidant
activities. In vivo testing has shown that the antioxidant
capacity for avenanthramides provides health benefits such
as a reduced rate ol LDL oxidation thus protecting against
cancers and heart disease. The structure of avenanthramide
2¢ 1s shown below:

z= O
A | )k/\
X \N F /\‘/OH
| B
HO ® N \/\OH

Applicants have found that the levels of the three main
avenanthramides present 1n oat—2c¢, 2p and 2f—are all
increased as a result of the processes described herein. In
particular, the total avenanthramide level (including 2c, 2p
and 21) 1s elevated by about 20-35% compared to native
whole oat flour by the methods used to prepare the soluble
oat tlour described above.

Example 1

The avenanthramide levels of the resulting soluble oat
flour were measured using reverse-phase HPLC. Brietly
dehulled grain was extracted, dried, and re-suspended into
aliquots. Aliquots were analyzed by HPLC with a C-18
column using a diode array spectrophotometer detector with
detection at 340 nm. The peaks were quantified by com-
parison to standard curves of authentic avenanthramides.
The results of this testing are illustrated in FIG. 1A and FIG.
1B. The avenanthramide content of the soluble oat flour
made 1n accordance with the methods described herein were
also found to have higher avenanthramide content than oat
flour processed using solely extrusion (no enzyme.)

In particular, FIG. 1A depicts the levels of avenanthr-
amide 2c¢, avenanthramide 2p, avenanthramide 21 and the
total avenanthramide (2¢c+2p+21) 1n samples of native whole
oat flour, extruded flour, and the SoluQOat 100 flour made 1n
accordance with the instant inventions. As used herein,
“SoluOat 100,” or “SoluOat 100 tlour” whether singular or
plural, shall mean 99.5% whole oat flour and 0.5% mixed
tocopherol made 1n accordance with the methods set forth in
the present disclosure.

As shown 1n FIG. 1A, the highest level of avenanthr-

amides 2c¢, 2p and 21, and the total avenanthramide content
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was found 1n the SoluOat 100 flour. In particular, the native
whole oat flour was found to contain about 35 ppm total
avenanthramides whereas the SoluOat 100 flour was found
to contain over 40 ppm total avenanthramides resulting in a
20% 1ncrease 1n the level of avenanthramides 1n the SoluQat
100 flour compared to the native whole oat flour. In FIG. 1B
a similar test was performed testing the avenanthramide
content of native whole oat tlour and the SoluOat 100 flour
made 1n accordance with the instant invention. As shown in
FIG. 1B, the native whole oat flour was found to have about
35 ppm of total avenanthramides whereas the SoluQOat 100
flour contained about 45 ppm total avenanthramides. Thus,
the SoluOat 100 flour exhibited a 35% increase 1n the level
of total avenanthramides compared to the native whole oat
flour.

The increased avenanthramide content of the soluble oat
flour made via the embodiments described herein 1s surpris-
ing, since this antioxidant 1s a non-starch plant nutrient.
However, the enzymatic process described above 1s used to

improve dipsersibility and solubility of the flour.

Subsequent analysis was also performed to distinguish the
amounts of the specific avenanthramides tested under vari-
ous processing conditions and the levels of avenanthramides
found following processing. The table below identifies the
various process conditions tested:

Process Condition Extrusion Enzyme Level Moisture Level
1 No 0% Not controlled
2 Yes 0% 30%
3 Yes Deactivated 30%
4 Yes 0.1% 28%
5 Yes 0.1% 30%
6 Yes 0.1% 32%
7 Yes 0.12% 32%
8 Yes 0.20% 32%

The table below 1dentifies the avenanthramide level found
in the oat flour under the different processing conditions
along with the increase in avenanthramide content. All
samples 1n the table that were extruded and hydrolyzed 1n
accordance with the present disclosure are SoluOat 100, as
defined above.
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In accordance with the results shown 1n the above table as
well as FIG. 2, Avenanthramide 2c¢ has the highest antioxi-
dant activity 1n vitro among the three major avenanthr-
amides (2c, 2 p, 21). With respect to 1 vivo activity,

avenanthramide 2p has the highest bioavailability. Extrusion

alone increased the total avenanthramide content slightly
(3.72%), but dramatically increased avenanthramide 2p con-
tent (27.79%). Enzymatic digestion increased total and

individual avenanthramide content, including that of 2c¢, 2p,
and 21. At a fixed enzyme concentration (0.1%), moisture
levels of 28%, 30% and 32% increased the total avenanth-
ramide content by 6.47%, 15.26%, and 22.47% respectively
compared with the whole oat flour. Moisture content or
moisture levels were measured when the mixture entered the
extruder. At a fixed moisture level of 32%, enzyme concen-
trations of 0.12% and 0.20% did not increase avenanthr-

amide content when compared to an enzyme concentration
of 0.1%.

Furthermore, the soluble oat flour made 1n accordance
with the instant methods also demonstrated an abaility to
suppress NF-kB. NF-kB 1s an immune response/intlamma-
tion trigger. In particular, reduced NF-kB 1s clinically linked
to reduced chronic inflammation. Anti-inflammatory activity
was measured by NF-kB inhibitory assay. Human 2937 cells
were cultured overnight i standard medium with fetal
bovine serum and antibiotics followed by a 4-hour serum
free to “starve” period. As one of ordinary skill in the art
would recogmize, “starved” cells are cells having a serum-
free medium to eliminate the effects of fetal bovine serum
and therefore the cells are more sensitive to TNF treatments.
Afterward, cells were treated with TNF-¢. (100 ng/mlL) and
testing sample extracts for one hour at 37° C. with CQO.,.
Whole cell proteins were extracted and levels of NF-kB
were measured using a TransAM NF-kB ELISA kit. The
table below shows the results of the testing, comparing
whole oat tlour to SoluOats 90 and a blank. As used herein
“SoluQOat,” “SoluQOat tlour,” “SoluOat 90” or “regular Solu-
Oat,” whether singular or plural, shall mean 90% whole oat
flour 5% sugar, 4.5% maltodextrin and 0.5% mixed tocoph-
erol made 1n accordance with the methods set forth i the
present disclosure.

Ave 2¢ Ave 5p Ave2p Ave 2f Total Ave
(mg/kg)
WOF 5.01 1.24 4.93 10.32 21.50
WOF + EXT 5.13 0.87 6.3 10 22.30
WOF + EXT + DE 5 0.89 5.89 9.6 21.38
WOF + EXT + 0.1% E + 28% M 5.1 0.85 6.61 10.33 22.89
WOF + EXT + 0.1% E + 30% M 5.45 0.85 7.23 11.25 24.78
WOF + EXT + 0.1% E + 32% M 5.76 0.95 7.41 12.21 26.33
WOF + EXT + 0.12%E + 32% M 5.21 0.73 6.32 10.62 22.88
WOF + EXT + 0.2% E + 32% M 5.04 0.77 6.45 10.33 22.59
Increase in Ave (%)

WOF 0 0 0 0 0

WOF + EXT 240 -29.84  27.79 -3.10 3.72
WOF + EXT + DE -0.20 -=-28.23 1947 -6.98 -0.56
WOF + EXT + 0.1% E + 28% M 1.80 -31.45 34.08 0.10 6.47
WOF + EXT + 0.1% E + 30% M .78 -31.45 46.65 9.01 15.26
WOF + EXT + 0.1% E + 32% M 1497 -23.39  50.30 18.31 22.47
WOF + EXT + 0.12% E + 32% M 399 -41.13 28.19 2.91 6.42
WOF + EXT + 0.2% E + 32% M 0.60 -37.90 30.83 0.10 5.07

WOEF: whole oat flour (unhydrolyzed); EX'T: extrusion; E: Enzyme; DE: deactivated enzyme; M: moisture,

Ave: avenanthramide
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Description Yield of NF-kBf % Inhibition*
Whole Oat Flour, Flour 170 Not detected
SoluOat 90**, Flour 125 26.59
Blank 171 N/AT

*% 1nhibition was calculated against blank reading
**S0luOat 90 denotes that 90% of SoluOat was whole oat flour

tAll samples were tested at concentration of 2 mg/mL
INot applicable

FIG. 3 illustrates the percent of NF-kB inhibition 1n the
samples.

Example 2

SoluQOat flour and whole oat flour were produced 1n a
traditional roller mill creating 150 micron of average particle
s1ze. The SoluOat flour was applied to various types of foods
and beverages. The applications included 1nstant flour appli-
cation, dry ingredient in baking and yogurt processing, and
ready-to-drink (RTD) beverage applications. A grainy tex-
ture was observed in some finished product applications
containing the SoluOats. It was believed that the particle size
of the SoluOat flour was the main driver for the grainy
texture observed. As used herein “SoluQOat,” “SoluQOat
flour,” “SoluOat 90” or “regular SoluOat,” whether singular
or plural, shall mean 90% whole oat tlour 3% sugar, 4.5%
maltodextrin and 0.5% mixed tocopherol made 1n accor-
dance with the methods set forth 1n the present disclosure.

Milled SoluQOat flour was micronized using a Fluid
Energy Micro-Jet Series 8 mill (Jet mill) with a sock
installed on the discharge to collect the milled (micronized)
flour. A Brabender volumetric screw feeder with a 1" diam-
cter helical screw metered the feed material into the mall.
Operating conditions of the jet mill are shown 1n the table
below:

Material Feed Rate, Ib/hr
SoluQOat flour 10
SoluOat 100 flour 10
Whole Oat Flour NA

Chemistry analyses of the SoluOat flours belore and after
the jet mill process were conducted, and the impact of the jet
mill process on viscosity and particle size were analyzed.
The micro-milling process did not affect the nutrient com-
position of the SoluOat flours. A reduction of moisture in
micronized SoluQOat flours was noticed, likely due to high
volume of air flow during processing. The table below, as
well as FIG. 5, shows the proximate composition of SoluQOat
flours. As used herein, “SoluQat,” “SoluQat flour,” “SoluOat
90” or “regular SoluQOat,” whether singular or plural, shall
mean 90% whole oat flour 5% sugar, 4.5% maltodextrin and
0.5% mixed tocopherol made 1n accordance with the meth-
ods set forth in the present disclosure. “SoluQOat 100,
whether singular or plural, shall mean 99.5% whole oat tlour
and 0.5% mixed tocopherol made in accordance with the
methods set forth 1n the present disclosure.

Total
Mois- b Dietary
ture, Starch, Protein, Fat, Glucan, Fiber
Description % % % % % (TDF), %
SoluOat flour 7.68  53.00 11.81  6.11 3.59 8.56
SoluQOat flour, 6.04 54.21 12.64  6.38 3.54 7.97

micronized
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-continued
Total
Mois- b Dietary
ture, Starch, Protein, Fat, Glucan, Fiber
Description % % % % % (TDF), %
SoluOat 100 flour 7.86  55.71 13.71 6.71 3.91 9.91
SoluOat 100 flour, 6.39  55.7% 13.86  6.83 4,28 9.71

micronized

The particle size of SoluOat flours was measured by
Malvern particle size analysis. In the table below, mean
particle size 1n micron (um) for a sample was from a volume
basis. The d(0,1), d(0,5) and d(0,9) values represent the
largest particle size for the 107, 507 and 90” percentiles
respectively. This means that for SoluQOat flour, 10% of the
particles are 104 microns or less, 50% are 190 microns or
less, and 90% are 317 microns or less. The mean particle size
of the SoluOat flour was reduced from 200 micron to 46
micron and that of SoluOat 100 was reduced from 282

micron to 89 micron. Thus, the jet mill process was found to
be effective to reduce particle size for SoluOat flours.

Mean particle size

Sample Description (um) d (0.1) d©0.5) d 0.9
SoluQOat 200 104 190 317
SoluOat micronized 46 4 17 147
SoluQOat 100 282 126 262 477
SoluOat 100 micronized 89 6 31 260
Whole oat flour 305 15 277 66%
Whole oat flour, 105 6 31 348

micronized

The viscosity of the jet-milled soluble oat tlours made 1n
accordance with the present disclosure was also assessed.
FIG. 6 depicts a viscosity profile for soluble oat flours and
whole oat flours before and aifter the jet milling process.
Maximum, final, and minimum viscosities are provided 1n
the table below. Maximum viscosity of micronized soluble
oat flours (SoluOat and SoluOat 100) was reduced about
10% compared to non-micronized SoluOat tflour and Solu-
Oat 100 flour. However, the final viscosity and minimum
viscosity of micromized soluble oat flours (SoluOat and
SoluOat 100) were similar to un-micronized soluble oat
flour (SoluOat and SoluOat 100) samples. In the legend of
FIG. 6 “M” denotes “micromzed” and “WOF” denotes
“whole oat flour.”

The table below 1dentifies the RVA viscosity for SoluQOat
flours (SoluOat and SoluQOat 100) (made using a standard
milling process) before and after the micronization process
set forth 1n certain aspects of the present disclosure.

Max Viscosity Final Min Viscosity
(0-8 min) Viscosity (5-10 min)

SoluQOat 586 192 75
SoluOat micronized 418 188 66
SoluOat 100 1158 254 85
SoluOat 100 1051 269 86
micronized

Whole oat flour 44972 5296 1435
Whole oat flour, 4486 5240 1318

micronized

The following formulas are formulas for yogurt products
containing soluble oat flour made 1n accordance with the
present disclosure and using a standard milling process,
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herein referred to as “SoluOat” and the flour made in
accordance with the micronization process, herein referred

to as “SoluQOat M.”

Ingredient SoluOat, % SoluOat M*, %
Skim muilk 78.03 78.03
Cream 36% Fat 2.29 2.29
Non-Fat Dry Milk 0.5 0.5

Milk Protein Concentrate 3.24 3.24
Corn Starch 0.63 0.63
SoluQOats 5.29 0
SoluQOats, micronized 0 5.29
Mixed Berry Fruit Prep 10 10
Potassium Sorbate 0.02 0.02

Yogurt products containing soluble oat flour were pro-
duced as follows. Dry ingredients, including the SoluOat
flour, were dispersed 1nto skim milk at 50° F. using a paddle
blender. Cream was added to adjust the fat content. The
mixed milk fluids were subjected to homogenization process
at '750/2500 PSI pressure at 130-140° F., followed by heat
treatment at 200° F. for 5 minutes. The fluid milks were
inoculated with a culture at 110° F. Finally, the product was
cooled to 68° F. for packaging and cold storage.

Sensory analysis conducted on the yogurt product indi-
cated that the product with micronized SoluOat showed
smoother texture than product contaiming non-micronized
SoluQOat flour. Mouthteel of yogurt products between non-
micronized and micronized SoluOats were different. Fur-
thermore, the product with micronized SoluOat exhibited a

drier texture than the product containing non-micronized
SoluOat flour.

The following table includes formulas for juice products
with SoluQOat and SoluOat M* (micronized SoluQOat flour):

Ingredient SoluOat, % SoluOat M*, %
Apple juice 54.1 54.1
Water 34.8 34.%
Sugar 3.7 3.7
SoluQOat 3.5 0
SoluOat 100 0 3.5
Orange Juice Concentrate 3.1 3.1
Strawberry Juice Conc. 0.2 0.2
Citric acid 0.2 0.2
Beta Carotene 0.2 0.2
CMC gum 0.1 0.1
Gellan gum 0.025 0.025
Strawberry flavor 0.085 0.085

*S0luOat M: SoluOat, micronized.

Juice products contaiming SoluQOat tlour were produced in
a microthermic process unit. Gums (CMC and gellan gum)
were dispersed 1n water at ambient temperature using a high
shear mixer for 5 minutes. SoluOat tlours were hydrated 1n
apple juice at ambient condition using a gentle paddle mixer
for 45 minutes. The SoluOat and apple juice slurry was
subsequently added into the gum dispersion. The remaining
ingredients were added to the SoluOat/gum solution using a
high shear mixer. The mixed batch was thermally processed,
for example, by using a tubular heat exchanger and a
homogenization process.

Sensory evaluation was conducted for the products made
with non-micronized SoluOat flour and with micronized
SoluOat flour. A smooth texture for the product with micron-
1zed SoluOat was observed. In addition, the product with
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micronized SoluQOat exhibited less grain flavor and a differ-
ent tflavor profile than the SoluOat tlour made using standard
milling procedures. In particular, GC-MS analysis of
micronized SoluOat 1n full scan mode exhibited selective
volatile compound losses, approximately 30%. The volatile
compounds included 2.,4-dimethyl-1-heptene, a-pinene, 1,3,
S-trimethyl benzene and undecane.

In summary, the micronization process maintained the
whole grain status of SoluOat flour during processing. The
reduced particle size provided smoother texture 1 semi-
solid and beverage product applications. The flavor differ-
ences observed for micromized flours are believed to be
caused by the stripping of grain tflavor with the high volu-
metric tlow of compressed air used 1n the jet mill micron-
1Z1Ng Process.

Example 3

Samples for RVA/viscosity testing were prepared by
ogrinding samples to pass a 60 mesh sieve. A 3.44 gram
sample at dry weight basis was measured and transferred to
a sample pan. Delonized water was added to the sample for
a total weight of 29 grams.

In accordance with the testing procedure, a sample of the
soluble oat flour was stirred at 960 rpm for the first 10
seconds, and the stirring was reduced to 160 rpm during
testing. The initial temperature of the sample was main-
tamned at 50° C. for 1 minute and the temperature was
increased to 95° C. for 3 minutes 45 seconds. The sample
was held at 95° C. for 2 minute and 30 seconds and was
cooled down to 50° C. for 3 minutes 45 seconds and test was
complete after a 2 minute hold.

Peak viscosity of the samples 1s shown in the tables
below. In particular, maximum viscosity was 1dentified
between 0 to 8 minutes and minimum viscosity between 5 to
10 minutes. Final viscosity was 1dentified at the completion
of the cooling stage of the RVA test.

RVA test results of extruded oat flour before and after
extrusion process with enzyme treatment are shown below.
As used herein “SoluQOat,” “SoluQat flour,” “SoluOat 90 or
“regular SoluQOat,” whether singular or plural, shall mean
90% whole oat tflour 5% sugar, 4.5% maltodextrin and 0.5%
mixed tocopherol made 1n accordance with the methods set
forth 1 the present disclosure. “SoluOat 100,” whether
singular or plural, shall mean 99.5% whole oat flour and
0.5% mixed tocopherol made 1n accordance with the meth-
ods set forth in the present disclosure.

Wet Mix % %% RVA Viscosity (¢cP)

Description Moisture  Enzyme  Peak Min Final
Raw Oat Flour — 0.0000 2,768 1,874 3,573
Extruded Oat Flour 29 0.0000 1,262 895 2,215
SoluOat 90 29 0.0675 301 65 160
Raw Oat Flour — 0.0000 4,717 1,349 5,282
Extruded Oat Flour 32 0.0000 2,801 226 487
SoluOat 100 32 0.1200 540 58 161

Viscosity reduction of hydrolyzed, extruded oat flour
made 1n accordance with the present disclosure (“SoluQOat™),
flour made using only extrusion (no enzyme) and raw oat
flour (no extrusion or enzyme).
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Wet Mix % % % reduction in viscosity
Description Moisture  Enzyme Peak Min Final
Raw Oat Flour — 0.0000 0 0 0
Extruded Oat Flour 29 0.0000 54.4 52.2 38.0
SoluQOat 90 29 0.0675 89.1 96.5 95.5
Raw QOat Flour — 0.0000 0 0 0
Extruded Oat Flour 32 0.0000 40.6 83.2 90.%8
SoluQOat 100 32 0.1200 R&.6 95.7 97.0

In accordance with the viscosity testing, dry mix for
SoluOat 90 contained 90% whole oat tlour, 5% sugar, 4.5%
maltodextrin and 0.5% mixed tocopherol. Enzyme was

added to the dry mix at the level of 0.075% of whole oat
flour. The dry mix for SoluOat 100 contained 99.5% whole

oat flour with 0.5% mixed tocopherol. The enzyme {for

SoluOat 100 was added to dry mix at the level of 0.12% of
whole oat tlour. Peak viscosity of raw oat flour varied from
2,800 to 4,700 cP. Approximately 40% to 55% reduction of
peak viscosity was achieved by extrusion process only at the
same level of moisture and mechanical energy. However,
about 90% reduction of peak viscosity was achieved by the
extrusion process with enzyme treatment.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereol. The foregoing embodiments, therefore, are to be
considered 1n all respects 1llustrative rather than limited the
invention described herein. Scope of the mvention 1s thus
indicated by the appended claims, rather than by the foreign
description, and all changes that come within the meaning
and range of equivalency of the claims are intended to be
embraced therein.

What 1s claimed 1s:

1. A composition comprising whole grain oat flour
wherein the whole grain oat flour meets the standard of
identity for whole grain and wherein the composition dis-
perses 1n less than about 5 seconds 1 a liquid media at 25°
C. wherein the whole grain oat tlour contains about 20-35%
more avenanthramides on a weight basis compared to native
whole grain oat tlour.

2. The composition of claim 1 further comprising sugar.

3. The composition of claim 1 wherein the composition
contains 99.5 wt % whole grain oat flour and 0.5 wt %
tocopherols.

4. The composition of claim 1 wherein the composition
contains 90 wt % whole grain oat flour, 5 wt % sugar, 4.5 wt
% maltodextrin and 0.5 wt % mixed tocopherols.

5. The composition of claim 1 wherein the starchy
endosperm, germ and bran of the whole grain oat flour are
present in the same relative proportions as they exist in the
intact whole grain oat.

6. The composition of claim 1 wherein the avenanthr-
amide content of the whole grain oat flour 1s about 35%
greater on a weight basis than the avenanthramide content of
native whole grain out tlour.

7. The composition of claim 1 wherein the whole grain oat
flour exhibits nuclear factor-kappa B inhibition activity
wherein the nuclear factor-kappa B mhibition activity 1s at
least about 23% greater than the nuclear factor-kappa B
inhibition activity of native whole grain oat tlour.

8. A composition comprising whole grain oat flour,
wherein the whole grain oat flour contains about 20-35%
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more avenanthramides on a weight basis compared to native
whole grain oat flour.

9. The composition of claim 8 wherein the avenanthr-
amide content of the whole grain oat flour 1s about 35%
greater on a weight basis than the avenanthramide content of
native whole grain out tlour.

10. The composition of claim 8 wherein the whole grain
oat tlour exhibits nuclear factor-kappa B mhibition activity
wherein the nuclear factor-kappa B inhibition activity 1s at
least about 23% greater than the nuclear factor-kappa B
inhibition activity of native whole grain oat flour.

11. A composition produced using the following process:

a. combining a whole grain oat flour starting mixture with
an aqueous enzyme solution to form an enzyme starting,
mixture having a moisture content of 25 to 40 wt %;

b. heating the enzyme starting mixture to between about
120° F. and 200° F.;

c. adding the heated starting mixture to an extruder and
extruding the mixture until the temperature of the
mixture increases to about 260° F. to 300° F. wherein
the enzyme 1s deactivated to form the composition,
wherein the composition comprises whole grain oat
flour:;

wherein the whole grain oat tlour maintains 1ts standard of
identity throughout processing and the composition
disperses 1n less than about 5 seconds 1n a liquid media
at 25° C. and the whole grain oat flour contains at least
20% higher level of avenanthramides on a weight basis
compared to native whole grain oat flour.

12. The composition of claim 11 wherein the avenanthr-
amide content of the whole grain oat flour 1s about 33%
greater on a weight basis than the avenanthramide content of
native whole grain oat flour.

13. The composition of claim 11 wherein the whole grain
oat tlour exhibits nuclear factor-kappa B mhibition activity
wherein the nuclear factor-kappa B inhibition activity 1s at
least about 25% greater than the nuclear factor-kappa B
inhibition activity of native whole grain oat flour.

14. The composition of claim 11 wherein the enzyme 1s
a-amylase.

15. The composition of claim 11 wherein the enzyme
starting mixture comprises 0.01-0.5 wt % a-amylase.

16. The composition of claim 11 wherein the enzyme
starting mixture comprises about 0.15 wt % a-amylase.

17. The composition of claim 11 wherein the starting
mixture further comprises sugar.

18. The composition of claim 11 wherein the starting
mixture further comprises mixed tocopherols.

19. The composition of claim 11 wherein the moisture

content of the enzyme starting mixture 1n the extruder is
about 28-32 wt %.

20. The composition of claim 11 wherein, after deactiva-
tion of the enzyme, the composition exits the extruder.

21. The composition of claim 11 further comprising
pelletizing the extruded mixture and granulating the pellet-
1zed mixture to form the composition.

22. The composition of claim 11 further comprising
milling the extruded mixture to create ultrafine particles
having a size of about 10-350 microns.

23. The composition of claim 11 further comprising
milling the extruded mixture to create ultrafine particles
having a size of about 10-450 microns.
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24. The composition of claim 2 further comprising malto-
dextrin.

25. The composition of claam 17 wherein the starting
mixture further comprises maltodextrin.

26. The composition of claim 1, wherein the liquid media 5
1s water.

277. The composition of claim 11, wherein the liquid media
1s water.
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